This paper describes a line-of-sight (LOS) channel simulator that can be used for the laboratory evaluation of microwave radios. The simulator has a unique design, utilizes state-ofthe-art microwave circuitry, and is completely under computer control. The hardware and software design concepts incorporated in the simulator are described.
INTRODUCTION
Many authors have reported that multipath fading, i.e. , frequency-selective or dispersive fading, is the dominant reason for propagationcaused outages in microwave digital radio systems (refs. 1-8). Greenfield Frequency-selective fading has a much greater effect on digital radio performance than it does on analog radio performance (ref. 1).
In analog radio transmission, the major source of propagation-related outage is flat fading rather than frequency-selective fading.
For analog systems, frequency-selective fading does cause intermodulation distortion, but this effect is secondary to flat fading. For digital radios, the effect of frequency-selective fading is much more severe. Unlike analog systems, digital radios are relatively insensitive to flat fading and are primarily affected by dispersive multipath fading (ref. 6 ). This will be demonstrated later in this paper.
In the last decade At the start of this project there were several objectives for the simulator:
(1 ) the channel simulator must be implemented at rf, (2) the control of the simulator must be automated, ( 
For AX = 114.10 and T = 10 ns, fs is calculated to be 3.92 MHz. From an examination of Figure 5 , one can roughly verify that the actual frequency shift obtained was that predicted. This verifies the operation of the phase shifter at this rf frequency.
The phase shifter utilized in the simulator operates in the range of 4-12 GHz. Figure 6 illustrates the sensitivity of the DRAMA radio to small changes in the 4 parameter. Although the difference in the spectrum for the two traces does not appear significant, the effect on an unprotected radio is dramatic. The observed bit 4.3.2 error ratio (BER) corresponding to the upper trace was on the order of 1 x 10o6, while that of the lower trace was on the order of 1 x 10-4. Figure  7 illustrates the sensitivity of the DRAMA radio to changes in B' (the relative signal strength parameter), but not to A (the flat fade parameter). For all three traces in the figure, 4 Figure 7 ) caused the BER performance of the radio to drop to 1 x 10-4. One can discern a slight amount of amplitude distortion in the middle trace. The figure demonstrates the susceptibility of digital radios to amplitude distortion.
The switching algorithm used in the DRAMA radio is based on received signal level (rsl).
From an examination of Figure 7 , one could conclude that because of the switching algorithm in the radio, the space diversity capability of the radio will not improve performance in a frequency selective fading environment.
Small changes in B' dramatically alter the spectral output of the simulator as illustrated in Figure 8 . The performance of the radio was as follows: zero errors for the top trace, BER = 1 x 10o7 for the second trace (due to a small amount of amplitude distortion), and loss of synchronization for the bottom three traces. Thus a change of only 3 dB caused a change from error-free performance to a loss of synchronization. Figure 9 illustrates the extent to which the rsl can drop before errors occur. This is the flat fading threshold for this particular radio. With the particular values of T and e used, the notch created by the simulator is well outside the passband of the radio.
Therefore, there is no distortion from simulated frequency-selective fading. The f i gures described above serve to illustrate graphically the following points: 1) the simulator is a useful device for simulating frequency-selective fading, 2) unprotected digital radios are extremely sensitive to small distortions in the received signal, and 3) changes to the diversity switching algorithm used in the DRAMA radio and the use of adaptive equalization should be considered. The data presented in these figures verify the contention of Barnett (ref. 23 ) that distortion of as little as 0.2 dB/MHz can cause unacceptable performance for an unprotected digital radio.
Figures 10 and 11 are static "Im-curves" for the unprotected (i.e., no equalizer and no diversity) DRAMA radio. The curves in Figure 11 are for the nonminimum fading case which results from positive values of the B' parameter. will add greatly to this body of knowledge. The corresponding model of the dynamic behavior of multipath fading will be implemented in the simulator.
This will result in a more realistic performance evaluation of digital radios than that obtainable from static m-curves. 1'' I . 4.3.7
